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Abstract 
Cambodia has the potential to be an important rice exporter. Rice is grown in Cambodia mainly under rainfed conditions and the average 
yield is low. Adoption of improved technologies can boost total production and actual exports. Improved rice varieties adopted by farmers 
vary across provinces and adoption is generally low in rainfed areas. This paper analyzes the rice farmers’ adoption of improved varieties 
based on a household survey conducted in 2010. The results indicated that farm size, land type and market are the main determinants of 
farmers’ modern variety adoption. 
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1. Introduction 
Cambodia is a small country located in the Mekong region between Thailand and Vietnam.  The poverty ratio of this 
agriculture-oriented country with a population of 14.8 million is quite high.  The major economic characteristics of the 
country are summarized in Table 1. Overall, agriculture accounts for 29% of the gross domestic product and 75% of the 
total employment (The World Factbook 2009, cited by Pandey and Bhandari 2010). Rice is an important crop as it occupies 
over 90% of the total cultivated area. It is the staple food that accounts for around 70% of total calorie supply.  
Table 1.  General characteristics of Cambodia 
Characteristics Figures 
Land area in 2008 (sq. km)* 181,000 
    Share of arable land (%)* 22 
    Share of agricultural area in total land (%)* 31 
Average rainfall in 2009-2010 (mm)** 1,530 
Population in 2009 (million persons)* 15 
Rural population (%)* 78 
Average annual population growth (1990-2009, %)* 2.2 
Poverty rate in 2007 (%) 28 
Share of agriculture in GDP in 2010 (%) ** 29 
Gross value added for agriculture in 2010 (billion USD)** 2 
 
 
1 Corresponding author. E-mail address: why7911@hotmail.com 
Available online at www.sciencedirect.com
© 2012 The Authors. Published by Elsevier Ltd. Selection and/or peer-review under responsibility of Global Science 
and Technology Forum Open access under CC BY-NC-ND license.
Open access under CC BY-NC-ND license.
336   Huaiyu Wang et al. /  Procedia Economics and Finance  2 ( 2012 )  335 – 343 
Rice consumption per capita in 2010 (kg/person/year) 143 
Source:* World Development Indicators 2011; ** Annual report of Agriculture, Forestry and Fisheries (2010-2011), Ministry of Agriculture, Forestry 
and Fisheries. Cambodia.  
 
 In Cambodia, more than 50% of rice domestic supply is used as food. In 2010, rice consumption was 143 kg milled rice 
(223 kg rough rice) per capita per year while rice production per capita was more than 560 kg rough rice (MAFF, 2011), 
indicating that Cambodia is a rice-surplus country. As a result, Cambodia has re-entered the export market after an absence 
of over 20 years (Pandey and Bhandari, 2010). The surplus of paddy in Cambodia was estimated to be nearly 4 million tons 
in 2010 (MAFF, 2011). This indicates a good potential for the expansion of Cambodia’s rice export market (Pandey and 
Bhandari, 2010).   
The main challenge for rice production is to improve yield as it is low at around 3 t/ha. Rice is grown in Cambodia 
mainly under rainfed conditions, and the extent of adoption of improved rice varieties is generally low. A number of 
technological and policy constraints have resulted in this low adoption of improved technologies and low yield of rice 
(Pandey and Bhandari, 2010). The aim of this study is to analyze the cross-sectional variations in the adoption of improved 
rice varieties across the main rice areas in Cambodia and identify the major determinants of adoption.  
Rice is grown in both the wet and dry seasons in Cambodia. In the wet season, rice is planted in May/June and harvested 
in December/January. The wet season is the main season for rice production. It accounts for 80% of total rice production 
and 85% of total rice area. The wet season can be subdivided into the early wet season (April/May-Aug/Sept) and the main 
wet season (July-Dec). With the spread of modern photoperiod-insensitive rice varieties, there is now some expansion of 
area under the early wet season. In 2010, the early wet season rice area was approximately 575,000 ha or approximately 
21% of total rice area (MAFF, 2011). Rice is grown in the dry season under irrigated conditions during Jan/Feb to 
May/June. In 2010-11, rice area in the dry season was approximately 405,000 ha, and it accounted for over 14% of total rice 
area. Dry season rice accounted for 21% of total annual rice production. The yield of dry season rice in 2010 was 4.2 t/ha. 
This is 52% more than the yield of wet season rice (2.76 t/ha). 
Although rice is grown in all 24 provinces of Cambodia, the main rice-growing areas are in the northwestern and 
southern parts. Two northwestern provinces (Battambang and Pursat), three southern provinces (Prey Veng, Takeo and 
Kampot) and one inland province (Kampong Thom) contributed to 63% of rice production in 2010. Four provinces in 
southeast Cambodia (Takeo, Prey Veng, Kandal and Kampong Cham) account for nearly 70% of the total dry season rice 
area (MAFF, 2011). 
2. Methodology and Data 
The objective of the present study is to analyze the variations in the adoption of modern rice varieties among farmers. For 
this, relevant household-level data were collected through surveys and analyzed using suitable econometric models. 
2.1. Data collection and sampling design 
The sites cover major rice production areas in Cambodia including northwest, inland and southern provinces. 
Battambang and Pursat are located in northwestern Cambodia, which is near the border of Thailand. The inland province 
Kampong Thom is located at the center of Cambodia. Kampot, Prey Veng and Takeo are located in southern Cambodia near 
the border of Vietnam. The selected provinces account for 48% of the rice area of the country and cover a wide range of 
production ecosystems. Rice is grown in both the wet and dry seasons in these provinces. A total 607 households from 16 
villages of 6 provinces were included in the survey. The villages were selected on the basis of occurrence of major abiotic 
stresses such as drought and submergence. In each village, at least 30 households were interviewed. The data collected 
pertain to the 2009 wet season and 2009-10 dry season (Table 2).  
Table 2.  Sample distribution in the survey  
Province Village Sample size Province Village Sample size 
Takeo  Sochan 44 Battambang  Balang 40 
Takeo Svay Russey 40 Battambang Chrab Kror Sang 40 
Takeo Daung 40 Kampong Thom Toul Domnakk 44 
Prey Veng  Thkauv 40 Kampot Khnach 30 
Prey Veng Chreav 40 Battambang Boung Rang 40 
Prey Veng Prey Snieth 41 Kampong Thom Chey Moung Koul 43 
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Pursat Koh 28 Kampong Thom Doung 35 
Pursat Phar Loeu 32 Kampot Prey Tonle 30 
   Total  607 
Source: IRRI GSR Project, household survey 2010.  
 
Pre-tested questionnaires and focus group discussions were used for the primary data collection. Sites or villages were 
purposively selected while the respondents from each village were randomly drawn. Face-to-face interviews using 
structured pre-tested questionnaires were conducted with farmer respondents. The household surveys covered information 
on social and economic aspects of rice farming including demographic characteristics of the household, farm landholding, 
land use, rice production practices, crop disposal, household incomes and gender issues.  
2.2. Econometric modeling of adoption patterns 
Adoption is measured using two indicators: incidence of adoption and intensity of adoption. A farmer is considered to be 
an adopter if the farmer grows improved varieties on at least a part of the farm. For the analysis of the incidence of 
adoption, a farmer is considered to be either an adopter or a non-adopter.  On the other hand, the intensity of adoption is 
measured as the proportion of area under improved varieties.  This is a measure of the extent of adoption.  
Since the incidence of adoption is a binary variable (i.e., a farmer is either an adopter or a non-adopter), discrete binary 
choice models such as a Probit model (or its variant) is used to model the adoption behavior.  A Probit model is described 
as: 
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Y* is unobserved and is referred to as a latent variable and Y is the observed choice. The Probit model assumes that the 
adoption is a function of a latent variable, and adoption is observed only when the latent variable exceeds the individual-
specific threshold value. The latent variable is assumed to be a function of farm and household characteristics as well as 
external interventions.  
The extent of adoption is measured as the proportion of rice area of each farm household occupied by modern varieties. 
Following the literature, the factors determining the cross-sectional variations in the extent of adoption of modern rice 
varieties among households were analyzed using the standard Tobit specification (Wooldridge, 2002).   
The Tobit model is specified as:   
0! iiiii XifXY HEHE    
    00 d iiXif HE   
    and            ),0(~ 2VH Ni  
Where Yi is the proportion of rice area under modern varieties, Xi is a vector of variables capturing the farm and 
household characteristics, β is a vector of unknown coefficients, and ε is an error term that is assumed to be independently 
distributed with mean zero and a constant variance. The β coefficients measure the marginal effect of each of the exogenous 
variables on the extent of adoption.   
3. Results  
3.1. Demographic characteristics 
Household members who manage the farm were interviewed during the survey. A majority of the respondents in this 
household survey were women (Table 3). Obviously, women are prominent in rice production in Cambodia, not only as 
farm labor but, more importantly, as farm managers.    
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In terms of education, the difference between male and female respondents is 1-2 years. The average household size is 
about 5 and its variation across provinces is minimal. More than 60% of the members of the household are 16 to 60 years 
old, the age group that can be considered as part of the labor force. The number of laborers per household is also similar 
across provinces. Farming is the main occupation among household members (Table 3).  
Table 3.   General household characteristics 
 
Northwest Inland South 
All 
BB PS KT KP PV TK 
Sample size 120 60 122 60 121 124 607 
Respondent info        
Females (%) 56 85 66 47 57 55 60 
Average age (years)        
Males 48 44 49 45 49 47 48 
Females 44 46 46 38 43 42 44 
Education (avg years)        
Males 6 4 5 5 6 6 6 
Females 5 5 3 4 5 5 4 
Av household size 4.8 4.5 5.0 5.0 4.6 5.3 4.9 
No. of laborers  2.6 2.9 3.0 3.0 2.5 3.0 2.8 
Age group (%)        
< 16 years 26 26 21 35 20 30 26 
16-50 years  55 55 60 57 63 56 58 
> 50  years 19 19 19 7 18 14 16 
Note: BB (Battambang); PS (Pursat); KT (Kampong Thom); KP (Kampot); PV (Prey Veng); TK (Takeo) 
Source: IRRI GSR Project, household survey 2010. 
3.2. Farming conditions and land use 
Farm size varies across regions. The average farm size is 1.8 ha, with the range being 1.2 ha in Kampong Thom and 2.3 
ha in Prey Veng. Most farmers own the land they cultivate, while about 9% is rented-in. Overall, 80% of the land is rainfed 
and the share of irrigated area in southern provinces is higher than in other provinces (Table 4). The rice ecosystem is 
mainly rainfed.   
The degree of crop diversity is small since rice is the main crop accounting for over 90% of all cropped area in all 
provinces while less than 10% of the area is used for cultivating fruits, vegetables, legumes and other crops. Farmers 
classify the farm land as upper, middle and lower fields (Javier, 1997) based on the relative location along the toposequence. 
Rice production is limited to the wet season only in upper fields. Rice is grown in the dry season also in some parts of the 
middle and lower fields that have access to irrigation. The cropping intensity is similar across land types (100-120%) in all 
provinces except Kampot. In Kampot, the overall cropping intensity is 162%, with cropping intensities in lower and middle 
fields of 156% and 183%, respectively. Differential access to irrigation is the major determinant of cropping intensity. 
Table 4.  Landholding characteristics 
 
Northwest Inland South 
All 
BB PS KT KP PV TK 
Average farm size (ha) 1.9 1.9 1.2 1.9 2.3 1.6 1.8 
By land type (% )        
Lower field 38 59 77 28 60 50 52 
Middle field 48 21 9 69 28 31 34 
Upper field 14 20 14 3 12 19 14 
By tenure (%)        
Own 78 96 90 95 96 97 91 
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Rented-in 22 4 10 4 4 3 9 
Rainfed (%) 84 97 91 57 70 78 80 
Source: IRRI GSR Project, household survey 2010. 
3.3. Rice area 
The season and land type for rice farming vary across locations. In northwestern and inland provinces, farmers usually 
grow rice in the wet season only. But, in southern provinces, rice is mostly grown in both the wet and dry seasons, with 
several cases in which rice is grown in all three seasons2. Rice is grown primarily in lower fields while non-rice crops are 
grown in upper fields (Table 5).  
Table 5.  Share of rice in total cropped area in different seasons and land types (%) 
 
Northwest Inland South 
All 
BB PS KT KP PV TK 
By season        
Early WS -- -- -- 38 17 3 11 
Main WS 91 100 100 26 38 47 61 
Dry season 9 0 0 36 45 49 28 
By land type        
Lower field 42 59 79 32 57 50 52 
Middle field 47 21 9 66 30 32 36 
Upper field 12 20 12 2 13 18 12 
Source: IRRI GSR Project, household survey 2010. 
 
Rice varieties in Cambodia can be categorized into three types: modern (MV), traditional (TV) and improved traditional 
varieties (iTV). Improved traditional varieties were developed through pure-line selection from traditional varieties (Javier, 
1997). Modern varieties, developed through cross-breeding, account for 41% of the total rice area, with the southern 
provinces accounting for a large share of this area. Traditional varieties and improved traditional varieties, more popular in 
northwest and inland Cambodia, account for 27% and 19% of the total rice area, respectively. 
Table 6.  Percentage rice area by variety across different land types (%) 
 
Northwest Inland South 
All 
BB PS KT KP PV TK 
Total        
MV 10 0 0 76 67 55 41 
TV 54 39 23 20 25 39 33 
iTV 37 61 77 4 7 5 25 
Lower        
MV 6 0 0 89 85 83 49 
TV 61 34 23 9 11 15 24 
iTV 33 66 77 1 4 2 28 
Middle        
MV 14 0 0 72 45 28 39 
TV 48 46 17 24 43 62 41 
iTV 38 54 83 4 12 10 20 
Upper        
MV 4 0 0 4 41 26 19 
 
 
2 The third season refers to the early wet season that starts in April/May. 
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TV 52 45 26 74 48 67 51 
iTV 44 55 74 22 11 6 30 
Source: IRRI GSR Project, household survey 2010. 
Modern varieties are grown mainly in lower fields. Traditional varieties and improved traditional varieties are mainly 
grown in middle and upper fields. Lower fields generally have favorable hydrological conditions for rice growth and may be 
an important reason for farmers to grow modern varieties in lower fields. In southern provinces near the Vietnam border, 
over 85% of the lower fields are planted to modern varieties (Table 6).  
Although modern varieties are popular in the southern provinces, there are some seasonal differences in adoption levels 
of modern varieties. Modern varieties in these provinces account for a large share of area in the early wet and dry seasons 
only. In the main wet season, traditional varieties cover the major rice area in southern and northwestern provinces. In 
Battambang, modern varieties account for nearly 80% of the rice area in the dry season.   
3.4. Adoption patterns of rice varieties 
The majority of farmers grow more than one type of rice variety and the extent of varietal diversification varies across 
provinces. Overall, only a small percentage of the farmers (6%) grow modern varieties (MV) indicating that most farmers 
are only partial adopters of modern varieties. About 20% of the farmers grow traditional varieties (TV) only, with 27% 
growing only improved traditional varieties (iTV). Around 11% of the farmers grow both traditional and improved 
traditional varieties. Over 36% of the farmers grow modern varieties and others simultaneously3. There are some variations 
across provinces, with the proportion of farmers growing both modern and traditional varieties being much higher in 
southern provinces than in northern and inland provinces.  
In terms of area coverage of different varieties, modern varieties account for 41% of the total rice area. Again, the 
coverage of modern varieties is much higher in southern provinces than in northern and inland provinces. This pattern may 
be influenced by the Vietnamese market, where improved varieties of rice grown in Cambodia find a ready market. For 
instance, the variety 504 is a popular rice variety4 in Vietnam and is also grown in southern parts of Cambodia mainly to 
supply to the Vietnamese market. Similarly, the variety 85 and IR66 are also popular varieties in Vietnam5. The opposite 
holds true for northwest provinces, where traditional varieties grown in Cambodia can be sold across the border in Thailand. 
Improved traditional varieties are popular in inland provinces that supply rice mainly to urban centers in Cambodia. Thus, 
geographical location may be an important factor for farmers’ adoption, which is influenced by environmental conditions, 
demand and marketing considerations as mentioned above. 
3.5. Econometric modeling of technology adoption 
Variations in the adoption patterns of improved varieties among households could result from being influenced by 
demographic characteristics, landholdings, access to market and variety, cropping pattern and location (Table 7). 
Econometric tools were used to identify the factors that explain the cross-sectional variations in varietal adoption. To 
identify the factors affecting farmers’ adoption, Probit and Tobit regressions were used.   
 
 
3 When a farmer grows two or more types of varieties, each type is mostly grown in separate fields. 
4 http://www.rice-festival.com/newsdetail-224-Hau-Giang--the-cradle-of-the-rice-strain-504.html. 
5 85 is the not the full name of the variety and farmers could not tell the origin. By checking the variety information, 85 might be TH 85, also another 
variety from Vietnam. http://irri.org/partnerships/country-relations/asia-oceania/vietnam/rice-varieties-released-in-vietnam.  
IR66 is the modern variety released by CARDI in 1990 with the cooperation of IRRI. The variety was released for rainfed and irrigation receding 
conditions with short maturity, less than 120 days to maturity, and photoperiod insensitive. IR66 was also introduced in Vietnam. 
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Table 7.  Description of covariates  
 Description of variables Expected effect on adoption 
Dependent variable  
Adopt Farmer grew modern varieties. 0= no, 1=yes  
PMVarea Share of modern variety area in total rice area (%)  
Explanatory variables  
Age Age of respondent (years) + 
Dfemale Dummy variable of the gender of respondent. 0=male, 1=female ? 
Hhsize Household size (persons) + 
Farm size Farm size (ha/hh) + 
Plowarea Percentage of lower field in the farm size (%) + 
Pmidarea Percentage of middle area in the farm size (%) + 
Pirrigarea Percentage of area irrigated (%) + 
Tborder Dummy of location. 1= border with Thailand; 0= border with Vietnam - 
Iprovince Dummy of location. 1= inland Cambodia; 0= border with Vietnam - 
Market Distance from nearest market (km) - 
 
Table 8.  Comparison on characteristics of non-adopters and adopters of different varieties 
 
Non-adopter 
(TV & iTV) 
MV 
adopter All 
Hhsize (persons) 4.84 4.98 4.90 
Labor (persons) 2.78 2.91 2.83 
Female respondent (%) 67 50 60 
Age (years) 45.81 44.55 45.28 
Average education (years) 5.56 5.36 5.47 
Market distance (km) 4.04 3.78 3.93 
Farm size (ha/hh) 1.45 2.19 1.77 
Lower field area (ha/hh) 0.76 1.16 0.93 
Middle field area (ha/hh) 1.29 1.07 1.15 
Area irrigated (ha/hh) 0.56 1.80 1.09 
Rice area (ha/hh) 1.39 2.69 1.94 
MV rice area (ha/hh) 0.00 1.88 0.80 
Rice production (ton/hh) 2.84 8.75 5.37 
Rice yield (t/ha) 2.09 3.36 2.63 
% of rice production sold  24.71 55.45 37.83 
Source: IRRI GSR Project, household survey 2010. 
 
The decision problem for a farmer involves the choice of two possible varietal categories, namely, modern varieties 
(MV) and traditional varieties (TV and iTV). In this categorization, a farmer is either an adopter or a non-adopter.  A farmer 
who decides to adopt MV will also have to make a decision on how much area to plant under improved varieties. Some 
descriptive statistics of major variables are presented in Table 8.  
The result of the Probit model indicates that farm size, share of lowland, share of midland and share of irrigated area are 
positively significant factors explaining MV adoption (Table 9). Compared with farmers located near the Vietnamese 
border, those located in areas bordering Thailand are less likely to adopt MV varieties. The demand for improved varieties 
in Vietnam must be a factor contributing to the extent of adoption of improved varieties in south Cambodia. Among farmers 
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within a location, market distance has a negative influence, i.e., farmers who are closer to a market are more likely to be an 
MV adopter.  
Table 9.  Factors affecting the incidence and intensity of modern variety adoption by farmers 
 Incidence of adoption Intensity of adoption 
 Probit Tobit 
Household size 0.0132 1.108 
 (0.26) (0.70) 
Age of respondent  -0.0061 -0.255 
 (-0.99) (-1.26) 
Respondent gender (1=female, 0 = otherwise)  -0.1900 -3.655 
 (-1.18) (-0.73) 
Farm size 0.2120*** 5.280*** 
 (3.33) (2.88) 
Share of lowland 0.0096*** 0.435*** 
 (3.26) (4.25) 
Share of midland  0.0045* 0.254*** 
 (1.66) (2.60) 
Share of irrigated area  0.0108*** 0.595*** 
 (5.52) (8.15) 
Thailand border dummy (1=Thailand border) -2.1900*** -83.76*** 
 (-11.94) (-12.35) 
Inland province dummy (1=Inland province) -3.3900*** -150.9*** 
 (-8.61) (-8.93) 
Market distance -0.0470* -1.270 
 (-1.71) (-1.60) 
N 607 607 
t statistics in parentheses 
* p < 0.1, ** p <0.05, *** p < 0.01 
 
A Tobit model was used for analyzing the intensity of technology adoption. As with the Probit model, the nature of land 
endowment has significant effects on the intensity of adoption. Farmers near the Vietnamese border have a greater intensity 
of MV adoption. This effect can indicate the influence of international rice markets to some extent.  
4. Concluding Remarks 
Rice production in Cambodia has increased in recent years rapidly and Cambodia is now a rice-exporting country. 
Despite this growth in production, the average rice yield is still low relative to the regional average. Rice is the major crop 
accounting for over 90% of the gross cropped area. Rice varieties in Cambodia can be categorized into modern, traditional 
and improved traditional varieties. Modern varieties are mainly grown in the dry season while traditional varieties and 
improved traditional varieties are dominant in the wet season. Modern varieties, mainly grown in the lower fields in the 
northwestern and southern provinces, account for 41% of the total rice area. Traditional varieties and improved traditional 
varieties, mainly grown in middle and upper fields, account for 33% and 25% of the total rice area, respectively.  
Farmers’ varietal adoption patterns differ across seasons and land types. The econometric analysis indicated that farm 
size, landholdings, irrigation and location are significant factors in determining the incidence and intensity of MV adoption. 
Rice farmers are poor and the average income per capita per day is less than a dollar. Rice accounts for 44% of the total 
household income. Given this large contribution of rice to the total household income, increasing the productivity of rice 
would be an important strategy for raising farmers’ incomes and reducing poverty. 
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